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Numerous Meldrum’s acid derivatives are a highly interesting
class of compounds, and research directed to their biological
and pharmaceutical properties is continuously attracting great
interest in the scientiﬁc community (Emtena¨s et al., 2000; Sni-
der et al., 2001; Dudinov et al., 2009; Lipson et al., 2008; Song
et al., 2003). 5-Arylidene and/or 5-alkylidene derivatives of
Meldrum’s acid are useful intermediates for cycloaddition441 2972147; fax: +98 441
c.ir, nnp403@gmail.com (N.
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g by Elsevier
ng by Elsevier B.V. on behalf of K
5.024
zi Pesyan, N. et al., New full-subs
resence of Et3N. Arabian Journalreaction and for the synthesis of heterocyclic compounds with
potential pharmaceutical activity (Pita et al., 2000).
They are well-documented reactions (Mudhar and Witty,
2010) and are useful reactive intermediates, such as 1,4-addi-
tion, (Wilsily and Fillion, 2009; Kno¨pfel et al., 2005; Ziegler
et al., 1980) acting as activated dienophiles in Diels–Alder
reactions (Paasz et al., 2007; Borah et al., 2005) and for the
preparation of heterocyclic molecules such as benzofurans, in-
doles (Baxter et al., 1974) and coumarins (Mahulikar and
Mane, 2006).
First synthesis of 3-substituted cyclopropane has been de-
scribed by Mariella and Roth (1957). The methods for cyclo-
propane synthesis have been divided into two main groups:
intramolecular cyclization and interaction of alkenes and carb-
enes (Faust, 2001; Donaldson, 2001). On the other hand, Mi-
chael Initiated Ring Closer (MIRC) is an important
synthesis method for cyclization (Caine, 2001). Reaction of
halogenated acid anion with the activated alkene followed by
cyclization with elimination of halogen has generateding Saud University.
tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
Scheme 1
2 N. Noroozi Pesyan et al.tetramethyl 3,3-dialkylcyclopropane-1,1,2,2-tetracarboxylates
(McCoy, 1964).
The cyclopropanation of Meldrum’s acid has been re-
ported by the reaction of Meldrum’s acid with an aldehyde
and thiophenol in the presence of catalytic amount of pipe-
ridinium acetate (Eberle and Lawton, 1988). Cyclopropana-
tion of Meldrum’s acid has also been reported by treatment
of bismuthonium ylides with aldehydes (Ogawa et al.,
1988). 1,1,2,2-Cyclopropanetetracarboxylate and its deriva-
tives have been prepared by treating the sodium salt of 5-
alkylidene Meldrum’s acid with iodine or bromine (Hedge
et al., 1961).
As part of our research program concerning the use of
cyanogen bromide (BrCN) and triethylamine (Et3N), we have
investigated the one-pot condensation reaction of Meldrum’s
acid, aldehydes and BrCN in the presence of Et3N for the syn-
thesis of full substituted spiro cyclopropanes based on Mel-
drum’s acid at room temperature.
2. Experimental
The drawing and nomenclature of compounds were done by
ChemBioDraw Ultra 12.0 and 8.0 versions software. Melting
points were measured with a digital melting point apparatus
(Electrothermal) and were uncorrected. IR spectra were deter-
mined in the region 4000–400 cm1 on a NEXUS 670 FT IR
spectrometer by preparing KBr pellets. The 1H and 13C
NMR spectra were recorded on Bruker 300 FT-NMR at 300
and 75 MHz, respectively (Urmia University, Urmia, Iran).
1H and 13C NMR spectra were obtained on solution in
DMSO-d6 or in CDCl3 as solvents using TMS as internal stan-
dard. The data are reported as (s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet or unresolved,
bs = broad singlet, coupling constant(s) in Hz, integration).
All reactions were monitored by TLC with silica gel-coated
plates (EtOAc: n-hexane/8:10/v:v). The mass analysis was per-
formed using mass spectrometer (Agilent Technology (HP)
type, MS Model: 5973 network Mass selective detector Elec-
tron Impact (EI) 70 eV), ion source temperature was 230 C
(Tehran University, Tehran, Iran). Cyanogen bromide was
synthesized based on reported references (Hartman and Dre-
ger, 1943). Compounds 1, 2a–u, triethylamine and used sol-
vents were purchased from Merck and Aldrich without
further puriﬁcation.
2.1. General procedures for the preparation of 3a–3q and 8r–8u
In a 25 mL round bottom ﬂask equipped by a magnetic stirrer,
was dissolved 0.05 g (0.48 mmol) cyanogen bromide (BrCN) in
2 mL methanol at 0 C. Then separately, 0.14 g (0.96 mmol)
Meldrum’s acid and 0.014 g (0.48 mmol) formaldehyde were
dissolved in 10 mL methanol in an Erlenmeyer, 0.04 g
(0.63 mmol) triethylamine was added into the solution and
then was transferred into a separatory funnel, then it was
added drop wise into the solution of BrCN in a round bottom
ﬂask at 0 C to room temperature (Caution! The cyanogen bro-
mide is toxic. Reactions should be carried out in a well-ventilated
hood). The progression of reaction was monitored by thin layer
chromatography (TLC). After outstanding 24 h, the crystalline
solid precipitate, ﬁltered off, washed with few mL of methanol
and dried.Please cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journal2.1.1. Triethylammonium 5-bromo-2,2-dimethyl-4,6-dioxo-1,3-
dioxan-5-ide (4)
White crystalline solid, mp 252–253 C; IR (KBr) 3448 (OH),
2995, 2944, 2738, 2678 (CH-aliph.), 1752 (C‚O), 1033 (C–
O), 752 (C–Br) cm1; 1H NMR (CDCl3, 300 MHz) d 10.10
(bs), 3.09 (q, 6H), 1.54 (s, 6H), 1.27 (s, 9H); 13C NMR (CDCl3,
75 MHz) d 164.0, 102.2, 46.4, 27.5, 25.6, 8.7.
2.1.2. Dispiro[(2,2-dimethyl-1,3-dioxan)-5,10-cyclopropane-
20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-tetrone (3a)
White crystalline solid (45%), mp 218 C (decomps.); IR (KBr)
3112, 3021, 2924, 1804, 1762, 1396, 1290, 1204, 1056,
970 cm1; 1H NMR (CDCl3, 300 MHz) d 2.92 (s, 2H), 1.91
(s, 6H), 1.84 (s, 6H); 13C NMR (CDCl3, 75 MHz) d 160.3,
106.6, 39.5, 27.6, 27.1, 26.1.
2.1.3. 30-Methyl-dispiro[(2,2-dimethyl-1,3-dioxan)-5,10-
cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3b)
White crystalline solid (55%), mp 216–218 C; IR (KBr) 3022,
2953, 1769, 1392, 1278, 1205, 1013 cm1; 1H NMR (CDCl3,
300 MHz) d 3.33 (q, 1H, J= 6.6 Hz), 1.85 (s, 6H), 1.81 (s,
6H), 1.79 (d, 3H, J= 6.6 Hz); 13C NMR (CDCl3, 75 MHz)
d 161.5, 159.4, 106.0, 42.3, 36.1, 27.9, 27.0, 9.3.
2.1.4. 30-Ethyl-dispiro[(2,2-dimethyl-1,3-dioxan)-5,10-
cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3c)
White crystalline solid (60%), mp 212–214 C; IR (KBr) 3023,
2970, 2943,2880, 1801, 1766, 1395, 1357, 1283, 1205, 1026,
914 cm1; 1H NMR (CDCl3, 300 MHz) d 3.2 (t, 1H,
J= 7.8 Hz), 2.1 (quin, 2H), 1.86 (s, 6H), 1.80 (s, 6H), 1.24
(t, 3H, J= 7.2 Hz); 13C NMR (CDCl3, 75 MHz) d 161.7,tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
New full-substituted cyclopropanes derived fromthe one-pot reaction of Meldrum’s acid with aldehydes 3159.2, 106.0, 42.3, 42.1, 28.1, 27.0, 17.2, 12.4; MS m/z%: 326
(M+, 0.5), 224 (7), 166 (84), 152 (10), 138 (12), 117 (65), 101
(50), 79 (24), 59 (84), 43 (100, base peak).
2.1.5. 30-Propyl-dispiro[(2,2-dimethyl-1,3-dioxan)-5,10-
cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3d)
White crystalline solid (50%), mp 204–205 C; IR (KBr) 3011,
2966, 2876, 1796, 1766, 1392, 1350, 1280, 1207, 1027, 924 cm1;
1H NMR (CDCl3, 300 MHz) d 3.25 (t, 1H, J= 7.5 Hz), 2.08
(q, 2H, J= 7.2 Hz), 1.86 (s, 6H), 1.80 (s, 6H), 1.62–1.72 (m,
2H), 1.04 (t, 3H, J= 7.2 Hz); 13C NMR (CDCl3, 75 MHz) d
161.7, 159.2, 106.0, 42.3, 40.8, 28.2, 27.0, 25.2, 21.4, 13.6.
2.1.6. 30-(4-Nitrophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3f)
White crystalline solid (60%), mp 202–203 C; IR (KBr) 3021,
2950, 1762, 1527, 1349, 1274, 1029 cm1; 1H NMR (CDCl3,
300 MHz) d 8.25, (d, 2H, J= 8.4 Hz), 7.61 (d, 2H,
J= 8.4 Hz), 4.43 (s, 1H), 1.85 (s, 6H), 1.80 (s, 6H); 13C
NMR (CDCl3, 75 MHz) d 160.9, 158.7, 148.1, 135.3, 130.5,
123.8, 106.8, 43.2, 42.0, 28.0, 27.2.Table 1 One-pot reaction of Meldrum’s acid 1 with various
aldehydes (2a–u) mediated by BrCN in the presence of Et3N.
Entry R Product mp (C) Yield (%)
1 H (2a) 3a 217–218 45
2 CH3 (2b) 3b 216–218 55
3 CH3CH2 (2c) 3c 212–214 60
4 CH3CH2CH2 (2d) 3d 204–205 50
5 p-NO2-C6H4 (2f) 3f 202–203 60
6 m-NO2-C6H4 (2g) 3g 192–194 51
7 o-NO2-C6H4 (2h) 3h 198–199 75
8 4-CN-C6H4 (2i) 3i 204–205 50
9 p-Br-C6H4 (2j) 3j 192–193 52
10 2,4-di-Chloro-C6H3 (2k) 3k 178–180 60
11 p-Cl-C6H4 (2l) 3l 178–179 55
12 o-CH3O-C6H4 (2o) 3o 178–180 55
13
(2p)
3p 198–200 46
14 p-CH3O-C6H4 (2r) 8r
a 126–128b 50
15 p-(CH3)2N-C6H4 (2s) 8s 175–177 85
c
16
(2t)
8t 182–184 65d
17
(2u)
8u 194–196 90e
A Exclusively Knoevenagel adduct was obtained.
bLit.: 161–162 C (Zeng, 2011).
c Yield refers to 8s.
d Yield refers to 8t.
e Yield refers to 8u.
Please cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journal2.1.7. 30-(3-Nitrophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3g)
White crystalline solid (51%), mp 192–194 C; IR (KBr) 3087,
3006, 2924, 2855, 1763, 1533, 1281, 1198, 1035 cm1; 1H NMR
(CDCl3, 300 MHz) d 8.32 (s, 1H), 8.27 (d, 1H, J= 8.4 Hz),
7.77 (d, 1H, J= 7.8 Hz), 7.60 (t, 1H, J= 8.1 Hz), 4.46 (s,
1H), 1.86 (s, 6H), 1.83 (s, 6H); 13C NMR (CDCl3, 75 MHz)
d 160.9, 158.7, 148.2, 135.1, 130.2, 129.8, 124.7, 124.2, 106.8,
43.0, 41.8, 28.1, 27.1; MS m/z%: 419 (M+, 1.0), 316 (24),
275 (10), 259 (20), 219 (10), 203 (15), 187 (40), 168 (10), 152
(20), 113 (20), 85 (22), 59 (90), 43 (100, base peak).
2.1.8. 30-(2-Nitrophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3h)
White crystalline solid (75%), mp 198–199 C; IR (KBr) 3100,
3011, 2949, 2869, 1796, 1767, 1526, 1395, 1277, 1227, 1205,
1039, 925 cm1; 1H NMR (CDCl3, 300 MHz) d 8.32 (s, 1H),
8.27 (d, 1H, J= 8.4 Hz), 7.77 (d, 1H, J= 7.8 Hz), 7.60 (t,
1H, J= 8.1 Hz), 4.46 (s, 1H), 1.86 (s, 6H), 1.83 (s, 6H); 13C
NMR (CDCl3, 75 MHz) d 160.9, 158.7, 148.2, 135.1, 130.2,
129.8, 124.7, 124.2, 106.8, 43.0, 41.8, 28.1, 27.1.
2.1.9. 30-(4-Cyanophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3i)
White crystalline solid (50%), mp 204–205 C; IR (KBr) 3100,
2932, 2300, 1667, 1618, 1518, 1452, 1101 cm1; 1H NMR
(CDCl3, 300 MHz) d 7.69 (d, 2H, J= 7.8 Hz), 7.54 (d, 2H,
J= 8.1 Hz), 4.37 (s, 1H), 1.85 (s, 6H), 1.79 (s, 6H); 13C
NMR (CDCl3, 75 MHz) d 160.9, 158.5, 133.3, 132.4, 130.3,
117.9, 113.3, 106.7, 43.1, 42.3, 28.0, 27.1; MS m/z%: 399
(M+, 0), 283 (4), 255 (10), 210 (30), 195 (20), 167 (90), 152
(44), 101 (20), 58 (40), 43 (100, base peak).Scheme 2
tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
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Figure 1 1H (a) and 13C NMR spectra of 4 (b).
4 N. Noroozi Pesyan et al.2.1.10. 30-(4-Bromophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3j)
White crystalline solid (52%), mp 192–193 C; IR
(KBr) 3015, 2949, 1759, 1392, 1275, 1202, 1033,Please cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journal918 cm1; 1H NMR (CDCl3, 300 MHz) d 7.52 (d, 2H,
J= 8.4 Hz), 7.32 (d, 2H, J= 8.4 Hz), 4.29 (s, 1H), 1.83
(s, 6H), 1.76 (s, 6H); 13C NMR (CDCl3, 75 MHz) d
161.3, 158.9, 132.0, 131.3, 126.9, 123.9, 106.5, 50.8, 43.1,
28.0, 27.1.tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
Scheme 3
New full-substituted cyclopropanes derived fromthe one-pot reaction of Meldrum’s acid with aldehydes 52.1.11. 30-(2,4-Dichlorophenyl)-dispiro[(2,2-dimethyl-1,3-
dioxan)-5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-
4,400,6,600-tetrone (3k)
White crystalline solid (60%), mp 178–180 C; IR (KBr) 3091,
3009, 2926, 2855, 1771, 1394, 1278, 1195, 1026, 917 cm1; 1H
NMR (CDCl3, 300 MHz) d 7.50 (s, 1H), 7.26 (m, 1H), 7.13
(d, 1H, J= 8.1 Hz), 4.51 (s, 1H), 1.90 (s, 6H), 1.86 (s, 6H);
13C NMR (CDCl3, 75 MHz) d 160.5, 158.5, 137.0, 135.6,
130.2, 128.1, 127.2, 125.6, 106.5, 42.3, 40.1, 28.0, 27.3.
2.1.12. 30-(4-Chlorophenyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-
5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3l)
White crystalline solid (55%), mp 178–179 C; IR (KBr) 3013,
2917, 2863, 1771, 1739, 1391, 1318, 1274, 1203, 1020,
918 cm1; 1H NMR (CDCl3, 300 MHz) d 7.37 (m, 4H), 4.30
(s, 1H), 1.83 (s, 6H), 1.76 (s, 6H); 13C NMR (CDCl3,
75 MHz) d 161.3, 158.9, 135.0, 131.1, 129.1, 126.3, 106.5,
43.1, 29.7, 28.0, 27.1.
2.1.13. 30-(2-Methoxyphenyl)-dispiro[(2,2-dimethyl-1,3-
dioxan)-5,10-cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-
4,400,6,600-tetrone (3o)
White crystalline solid (55%), mp 178–180 C; IR (KBr) 3010,
2948, 1768, 1395, 1274, 1200, 1027, 918 cm1; 1H NMR
(CDCl3, 300 MHz) d 7.37 (t, 1H, J= 7.8 Hz), 7.20 (d, 1H,
J= 7.5 Hz), 6.95 (m, 2H), 4.59 (s, 1H), 3.84 (s, 3H), 1.87 (s,
6H), 1.85 (s, 6H); 13C NMR (CDCl3, 75 MHz) d 161.5,
159.0, 158.7, 130.3, 127.4, 120.3, 116.9, 110.7, 106.1, 55.5,
42.4, 39.3, 27.9, 27.3.
2.1.14. 30-(1-Naphthyl)-dispiro[(2,2-dimethyl-1,3-dioxan)-5,10-
cyclopropane-20,500-(2,2-dimethyl-1,3-dioxan)]-4,400,6,600-
tetrone (3p)
White crystalline solid (46%), mp 198–200 C; IR (KBr) 3020,
2995, 2926, 1761, 1394, 1274, 1198, 1028, 922, 777 cm1; 1H
NMR (CDCl3, 300 MHz) d 8.13 (d, 1H, J= 8.1 Hz), 7.90
(d, 2H, J= 8.1 Hz), 7.58 (m, 2H), 7.43 (t, 1H, J= 8.1 Hz),
7.28 (d, 2H, J= 8.1 Hz), 4.92 (s, 1H), 1.96 (s, 6H), 1.91 (s,
6H); 13C NMR (CDCl3, 75 MHz) d 161.8, 158.7, 133.6,
132.9, 129.8, 129.0, 127.7, 126.6, 124.6, 124.5, 123.9, 123.0,
106.6, 42.6, 41.5, 28.1, 27.3.
2.1.15. 5,50-((3-Nitrophenyl)methylene)bis(2,2-dimethyl-1,3-
dioxane-4,6-dione) (5g)
White crystalline solid (65%); IR (KBr) 3005, 2923, 2861, 1773,
1737, 1536, 1319, 1201. 1H NMR (CDCl3, 300 MHz) d: 8.47 (s,
1H), 8.16 (d, 1H, J= 8.4 Hz), 7.93 (d, 1H, J= 7.8 Hz), 7.56 (t,
1H, J= 8.1 Hz), 4.73 (t, 1H, J= 5.7 Hz), 4.69 (d, 2H, over-
lapped), 1.85 (s, 6H), 1.77 (s, 6H).
2.1.16. 2,2,8,8-Tetramethyl-5-(3-hydroxyphenyl)-4H-
pyrano[2,3-d:6,5-d0]bis([1,3]dioxine)-4,6(5H)-dione (8r)
Yellow crystalline solid (50%), mp 126–128 C; IR (KBr)
3109, 2998, 2942, 2849, 1714, 1572, 1387, 1280, 1170, 1019,
933 cm1; 1H NMR (CDCl3, 300 MHz) d 8.38 (s, 1H), 8.23
(d, 2H, J= 8.1 Hz), 6.98 (d, 2H, J= 8.1 Hz), 4.59 (s, 1H),
3.84 (s, 3H), 1.87 (s, 6H), 1.85 (s, 6H); 13C NMR (CDCl3,
75 MHz) d 161.5, 159.0, 158.7, 130.3, 127.4, 120.3, 116.9,
110.7, 106.1, 55.5, 42.4, 39.3, 27.9, 27.3.Please cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journal2.1.17. 5-(4-(Dimethylamino)benzylidene)-2,2-dimethyl-1,3-
dioxane-4,6-dione (8s)
Red crystalline solid (85%), mp 175–177 C (Lit.: 161–162 C
(Zeng, 2011)); IR (KBr) 3084, 2977, 2924, 1699, 1611, 1505,
1372, 1288, 1162, 1129 cm1; 1H NMR (CDCl3, 300 MHz) d
8.27 (s, 1H), 8.23 (d, 2H, J= 7.5 Hz), 6.67 (d, 2H,
J= 7.5 Hz), 3.13 (s, 6H), 1.74 (s, 6H); 13C NMR (CDCl3,
75 MHz) d 165.2, 161.4, 158.0, 154.5, 138.9, 120.2, 111.3,
105.0, 103.4, 40.1, 27.3.
2.1.18. 5-((1H-Pyrrol-2-yl)methylene)-2,2-dimethyl-1,3-
dioxane-4,6-dione (8t)
Red crystalline solid (65%), mp 182–184 C; IR (KBr) 3260,
3114, 1692, 1555, 1353, 1314, 1273, 1212, 1119, 1024,
780 cm1; 1H NMR (CDCl3, 300 MHz) d 12.69 (bs, 1H),
8.26 (s, 1H), 7.43 (s, 1H), 7.11 (s, 1H), 6.52 (s, 1H), 1.75 (s,
6H); 13C NMR (CDCl3, 75 MHz) d 164.4, 164.2, 143.4,
132.0, 130.3, 128.8, 114.5, 104.3, 100.3, 27.2.
2.1.19. 5-(Anthracen-9-ylmethylene)-2,2-dimethyl-1,3-dioxane-
4,6-dione (8u)
Red crystalline solid (90%), mp 194–196 C; IR (KBr) 3050,
2918, 2850, 1733, 1629, 1363, 1288, 1279, 734 cm1; 1H
NMR (CDCl3, 300 MHz) d 9.49 (s, 1H), 8.57 (s, 1H), 8.07
(m, 2H), 7.84 (m, 2H), 7.53 (m, 4H), 1.91 (s, 6H); 13C NMR
(CDCl3, 75 MHz) d 161.9, 157.8, 158.7, 130.9, 130.2, 129.3,
128.6, 127.1, 125.6, 124.5, 121.0, 104.9, 28.2.
3. Results and discussion
This paper describes the one-pot new reaction of Meldrum’s
acid (1) with various aldehydes and BrCN in the presence of
Et3N that afforded new full-substituted cyclopropanestituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
6 N. Noroozi Pesyan et al.containing Meldrum’s acid ring moieties (3) and new salt of
triethylammonium 5-bromo-2,2-dimethyl-4,6-dioxo-1,3-diox-
an-5-ide (4) in moderate to good yield at room temperature
(Scheme 1, path A and Table 1). The reaction between 1 and
2 afforded the corresponding 5,50-(alkyl- or arylmethyl-
ene)bis(2,2-dimethyl-1,3-dioxane-4,6-dione) (5) in the presence
of Et3N and absence of BrCN (Scheme 1, path B). No 2,2,8,
8-tetramethyl-5-alkyl and/or aryl-4H-pyrano[2,3-d:6,5-d’]bis
([1,3]dioxine)-4,6(5H)-dione (6) was obtained from 5 under
present condition (path B). Expectedly, no corresponding 50-
alkyl- or 50-aryl-2,2,20,20-tetramethyl-spiro[[1,3]dioxane-5,60-
furo[2,3-d][1,3]dioxine]-4,40,6(50H)-trione (7) was also observed
(Scheme 1, path C).Figure 2 Representatively, the 1H (a
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acid with aldehydes and BrCN in the presence of Et3N. Arabian JournalBased on this concept, expectedly, we have investigated the
one-pot condensation of Meldrum’s acid 1 with aldehydes and
BrCN in the presence of Et3N under the same condition. In
this reaction, new full-substituted cyclopropanes 3 and the
new salt of 4 were obtained in good yield. The residue of unre-
acted starting materials (1 and 2) was also recovered.
According to the mechanism of the bromination of 1-alkyl
imidazoles by BrCN (McCallum et al., 1999) and the mecha-
nism of the formation of 11–13 (Jalilzadeh et al., 2011; Hosse-
ini et al., 2011), and 14 (Noroozi Pesyan et al., 2013) the
mechanism of the formation of 4 is shown in Scheme 2. It
was assumed that the enolic form of Meldrum’s acid 1a reacted
with BrCN and formed the intermediate 9. Intramolecular) and 13C NMR spectra of 3a (b).
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molecule 6a and equivalency of four carbonyl groups in 3a and a
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Scheme 4
New full-substituted cyclopropanes derived fromthe one-pot reaction of Meldrum’s acid with aldehydes 7rearrangement of 9 afforded 5-bromo-2,2-dimethyl-1,3-diox-
ane-4,6-dione (10) followed by the loss of HCN. Triethylamine
as a base captured the acidic methylene proton of 10 formed
salt 4 (Scheme 2, path a). The salt of 4 was isolated from reac-
tion mixture (about 20% yield) and this compound is needed
for the synthesis of 3 (see later). The salt of triethylammonium
hydrobromide was also formed and ﬁltered off. Unfortunately,
all attempts failed to separate or characterize 9 and 10. In this
reaction, no 2,2-dimethyl-4,6-dioxo-1,3-dioxane-5-carbonitrile
(15) was observed (Scheme 2, path b). We performed the
reaction of 1 with BrCN and Et3N in the absence of aldehydes
under the same condition as model reaction. Obviously, 4 was
obtained and isolated in moderate yield.
The structure of 4 was characterized by IR, 1H and 13C
NMR spectroscopy. The 1H NMR spectrum of 4 consists of
a triplet at d 1.27, a quartet at d 3.09 and a broad singlet at
d 10.10 ppm corresponding to methyl, methylene and NH pro-
ton in triethyl ammonium salt moiety, respectively. A singlet at
d 1.54 ppm corresponds to the two equivalent methyl groups
on Meldrum’s acid ring moiety. The 13C NMR spectrum of
4 consists of six distinct peaks (Fig. 1 and see experimental).
The IR spectrum of this compound shows a broad absorption
peak at the frequency of 3448 cm1 for OH group of enolic
form and/or NH group of triethylammonium salt moiety
and carbonyl frequency at 1752 cm1. Other evidence for the
formation of 4 (the existence of bromine atom in this molecule)
was performed by the Beilstein test and the wet silver nitrate
test (Schriner et al., 1980) (Precipitate of pale yellow silver bro-
mide). These data conﬁrm and have good agreement together
for the proposed structure of 4.
The proposed mechanism of the formation of 3 is shown in
Scheme 3. First, the Knoevenagel condensation of 1 (Bigi
et al., 2001) with equimolar of aldehydes 2 afforded the corre-
sponding 5-alkylidene- or 5-arylidene-2,2-dimethyl-1,3-diox-
ane-4,6-dione (8). The Michael addition of compound 4 (as a
nucleophile) with 8 as a key intermediate gave the intermediate
(16). In this reaction, compound 4 plays either nucleophile or
electrophile character. Finally, an intramolecular condensation
of 16 (C-attack to the carbon atom as an electrophile contain-
ing bromine) with the removal of bromide ion afforded 3 in
moderate yield. In intermediate 16, no O-attack occurred for
the formation of 7. Two geminal oxygen atoms on carbon
atom in 16 intermediate have inductive effect to each other.
For this reason, the geminal oxygen atom prevents the O-
attacking of oxygen anion to the electrophile for the formation
of 7. Therefore, the C-attack was favored (Scheme 3). Unfor-
tunately, all attempts failed to separate or characterize 16.
Representatively, in 1H NMR spectrum of 3a, two geminal
methyl groups show two singlets at d 1.84 and 1.91 ppm and
methylene protons show a singlet at d 2.92 ppm, respectively
(Fig. 2a). 13C NMR spectrum of this compound shows six dis-
tinct peaks (Fig. 2b). In 13C NMR spectrum of 3a, the car-
bonyl groups of C4, C6, C200 and C400 (Assigned as Cf in
Fig. 2b) show a peak at d 160.33 ppm and indicated that these
carbonyl groups have equivalent chemical shifts due to two
plane of symmetry in this molecule (Fig. 3). In contrast, in
model molecule of 6a, carbon atoms of C4 and C6 have equiv-
alent chemical shifts and the carbon atoms of C10 and C11
have the same case. On the other hand, C6 and C10 have dif-
ferent chemical shifts and also C4 and C11 have the same.
Other cyclopropane derivatives 3b–3q (with exception 3a)
show two distinct peaks for carbonyl groups because of a planePlease cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journalof symmetry (Fig. 3 and see experimental). These observations
are the best evidence for supporting the cyclopropanation and
the structure of 3a as representative. Other evidence for the
cyclopropanation is the chemical shift value of cyclopropane
CH proton that appeared in high ﬁeld (a singlet at d
2.92 ppm for 3a and a quartet at d 3.33 ppm for 3b as
representative).
The different reactivity of variously substituted aldehydes
in the reaction with b-dicarbonyl compounds could be ratio-
nalized taking into account that the reaction occurs in two
steps, i.e. the nucleophilic attack and the dehydrationtituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
Figure 4 13C NMR spectra of 8s (A), 8t (B) and 8u (C) at carbonyl region.
8 N. Noroozi Pesyan et al.(Bigi et al., 2001). Electron-withdrawing substituents facilitate
the ﬁrst step, meanwhile electron donating substituents facili-
tate the loss of water giving conjugated stabilized a,b-unsatu-
rated carbonyl compounds. In contrast, aldehydes possessing
electron-withdrawing substituents facilitate the formation of
bis adduct, 5 in the reaction with 1 in the absence of BrCN
(Schemes 1 and 4). No corresponding 5-alkyl and/or aryl-
2,2,8,8-tetramethyl-4H-pyrano[2,3-d:6,5-d0]bis([1,3]dioxine)-
4,6(5H)-dione (6) was observed from 5 via intramolecular
condensation (Schemes 1 and 4).
Previously, it has been reported that aldehyde possessing
strong electron-donor substituents in the reaction with barbi-
turic acids, only Knoevenagel condensation was occurred
(Adamson et al., 1999). In the reaction of aldehydes 2s–2u with
1 in the presence of BrCN and Et3N, the Knoevenagel adducts
(8s–8u) were obtained (Table 1). Interestingly, in 5-(4-(dimeth-
ylamino)benzylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione (8s)
the two carbon atoms of carbonyl groups have equivalent
chemical shift at d 165.21 ppm. This phenomenon has arisen
from the low rotational barrier around a,b-unsaturated double
bond in 8s because of the easy resonance of nitrogen lone pair
with carbonyl groups (Fig. 4A). In 5-((1H-pyrrol-2-yl)methy-
lene)-2,2-dimethyl-1,3-dioxane-4,6-dione (8t), the two car-
bonyl groups have slightly different chemical shift (at d
164.35 and 164.24 ppm, respectively). It seems that the NH
group of the pyrrole ring moiety has intramolecular H-bond
with one of carbonyl bonds and prevents the rotation around
a,b-unsaturated double bond in 8t (Fig. 4B). The peak of NH
proton on pyrrole ring moiety appeared at d 12.69 ppm and
conﬁrms the intramolecular H-bond in 8t. In 5-(anthracen-
9-ylmethylene)-2,2-dimethyl-1,3-dioxane-4,6-dione (8u), the
chemical shifts of two nonequivalent carbonyl groupsPlease cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian Journalappeared at d 161.87 and 157.84 ppm. This nonequivalency
corresponds to restricted rotational barrier around a,b-unsat-
urated double bond in 8u due to the hindrance effect of bulky
anthranyl ring moiety (Fig. 4C).
4. Conclusion
In summary, we have presented and developed a versatile
one-pot new reaction of Meldrum’s acid with aldehydes and
cyanogen bromide to selectively afford novel full-substituted
cyclopropanes based on Meldrum’s acid in the presence of
triethylamine at room temperature in moderate yields. The
experimental results indicated that the aromatic aldehydes
are more reactive than that of aliphatics. The aromatic alde-
hydes possessing electron-withdrawing substituent are more
reactive than that of electron-donating substituent. The aro-
matic aldehydes possessing strong electron-donating substitu-
ent gave exclusively Knoevenagel adducts.Acknowledgement
We gratefully acknowledge the ﬁnancial support by the Re-
search Council of Urmia University.Appendix A. Supplementary data
Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.arabjc.
2013.05.024.tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
New full-substituted cyclopropanes derived fromthe one-pot reaction of Meldrum’s acid with aldehydes 9References
Adamson, J., Coe, B.J., Grassam, H.L., Jeffery, J.C., Coles, S.J.,
Hursthouse, M.B., 1999. J. Chem. Soc. Perkin Trans. 1, 2483–2488.
Baxter, G.J., Brown, R.F.C., McMullen, G.L., 1974. Aust. J. Chem.
27, 2605–2610.
Bigi, F., Carloni, S., Ferrari, L., Maggi, R., Mazzacani, A., Sartori, G.,
2001. Tetrahedron Lett. 42, 5203–5205.
Borah, H.N., Deb, M.L., Boruah, R.C., Bhuyan, P.J., 2005. Tetrahe-
dron Lett. 46, 3391–3393.
Caine, D., 2001. Tetrahedron 57, 2643–2684.
Donaldson, W.A., 2001. Tetrahedron 57, 8589–8627.
Dudinov, A.A., Lichitsky, B.V., Komogortsev, A.N., Krayushkin,
M.M., 2009. Mendeleev Commun. 19, 87–88.
Eberle, M., Lawton, R.G., 1988. Helv. Chim. Acta 71, 1974–1982.
Emtena¨s, H., Soto, G., Hultgren, S.G., Marshall, G.R., Almqvist, F.,
2000. Org. Lett. 2, 2065–2067.
Faust, R., 2001. Angew. Chem. Int. Ed. 40, 2251–2253.
Hartman, W.W., Dreger, E.E., 1943. Org. Synth. Coll. 2, 150.
Hedge, J.A., Kruse, C.W., Snyder, H.R.J., 1961. Org. Chem. 26, 992–
997.
Hosseini, Y., Rastgar, S., Heren, Z., Bu¨yu¨kgu¨ngo¨r, O., Noroozi
Pesyan, N., 2011. J. Chin. Chem. Soc. 58, 309–318.
Jalilzadeh, M., Noroozi Pesyan, N., Rezaee, F., Rastgar, S., Hosseini,
Y., Sahin, E., 2011. Mol. Divers. 15, 721–731.
Kno¨pfel, T.F., Zarotti, P., Ichikawa, T., Carreira, E.M., 2005. J. Am.
Chem. Soc. 127, 9682–9683.Please cite this article in press as: Noroozi Pesyan, N. et al., New full-subs
acid with aldehydes and BrCN in the presence of Et3N. Arabian JournalLipson, V.V., Svetlichnaya, N.V., Shishkina, S.V., Shishkin, O.V.,
2008. Mendeleev Commun. 18, 141–143.
Mahulikar, P.P., Mane, R.B., 2006. J. Chem. Res., 12–14.
Mariella, R.P., Roth, A.J., 1957. J. Org. Chem. 22, 1130–1133.
McCallum, P.B.W., Grimmett, M.R., Blackman, A.G., Weavers, R.T.,
1999. Aust. J. Chem. 52, 159–166.
McCoy, L.L., 1964. J. Org. Chem. 29, 240–241.
Mudhar, H., Witty, A., 2010. Tetrahedron Lett. 51, 4972–4974.
Noroozi Pesyan, N., Shokr, A., Behroozi, M., Sahin, E., 2013. J. Iran.
Chem. Soc 10, 565–575.
Ogawa, T., Murafuji, T., Suzuki, H., 1988. Chem. Lett. 17, 849–852.
Paasz, A., Jelska, K., O _zo´g, M., Serda, P., 2007. Monatsh. Chem. 138,
481–488.
Pita, B., Sotelo, E., Suarez, M., Ravina, E., Ochoa, E., Verdecia, Y.,
Novoa, H., Blaton, N., de Ranter, C., Peeters, O.M., 2000.
Tetrahedron 56, 2473–2479.
Schriner, R.L., Fusan, R.C., Curtin, D.Y., Morrill, T.C., 1980. The
Systematic Identiﬁcation of Organic Compounds, sixth ed. John
Wiley & Sons, New York.
Snider, B.B., Ahn, Y., O’Hare, S.M., 2001. Org. Lett. 3, 4217–4220.
Song, A., Xiaobing Wang, X., Lam, K.S., 2003. Tetrahedron Lett. 44,
1755–1758.
Wilsily, A., Fillion, E.J., 2009. Org. Chem. 74, 8583–8594.
Zeng, W.-L., 2011. Acta Cryst. Section E 67, o1351.
Ziegler, F.E., Guenther, T., Nelson, R.V., 1980. Synth. Commun. 10,
661–665.tituted cyclopropanes derived from the one-pot reaction of Meldrum’s
of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.05.024
